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ABSTRACT: Introduction: Lower respiratory tract infections (LRTIs) present significant incidence and
mortality in the world. This article presents the impact of LRTIs in the burden of disease, according to the
metrics used in the Global Burden of Disease study (GBD 2015) for Brazil in 1990 and 2015. Methods: Analysis
of estimates from the GBD 2015: years of life lost due to premature death (YLLs), years lived with disability
(YLDs), years of life lost due to death or disability (DALYs = YLLs + YLDs). Results: LRTIs were the third
cause of mortality in Brazil in 1990 and 2015, with 63.5 and 47.0 deaths/ 100,000 people, respectively. Although
the number of deaths increased 26.8%, there was a reduction of 25.5% in mortality rates standardized by
age, with emphasis on children under 5 years of age. The disability indicators, as measured by the DALYs,
demonstrate a progressive reduction of the disease burden by LRTTs. Discussion: Despite the reduction in
mortality rates in the period, LRTIs were an important cause of disability and still the third cause of death in

Brazil in 2015. The increase in the number of deaths occurred due to the increase in population and its aging.

The reduction in mortality rates accompanied the improvement of socioeconomic conditions, broader access

to health care, national availability of antibiotics, and vaccination policies adopted in the country. Conclusion:
Despite the current socioeconomic difficulties, there has been a progressive reduction of the LRTIs load effect

in Brazil, mostly in mortality and disability, and among children under 5 years of age.
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RESUMO: Introducdo: Infecgbes do trato respiratério inferior (ITRi) apresentam incidéncia e mortalidade
significativas no mundo. Este artigo apresenta o impacto das I'TRi na carga de doenga, segundo as métricas utilizadas
no estudo Global Burden of Disease 2015 (GBD 2015) para o Brasil, em 1990 e 2015. Métodos: Analise de estimativas
do GBD 2015: anos de vida perdidos por morte prematura (YLLSs), anos vividos com incapacidade (YLDs) e anos
de vida perdidos por morte ou incapacidade (DALYs = YLLs + YLDs). Resultados: As I'TRi foram a terceira causa
de mortalidade no Brasil em 1990 e 2015, com 63,5 e 47,0 mortes/ 100 mil habitantes, respectivamente. Embora o
namero absoluto de 6bitos tenha aumentado 26,8%, houve reducio de 25,5% nas taxas de mortalidade padronizadas
por idade, sendo a redu¢do mais marcante em menores de 5 anos. Também houve redugio progressiva da carga
da doenga, expressa em DALYs. Discussdo: Apesar da reducio da carga da doenga no periodo, as ITRi foram
importante causa de incapacidade e a terceira causa de mortes no Brasil em 2015. O aumento do niimero de ébitos
ocorreu devido ao aumento e envelhecimento populacional. A redugio das taxas de mortalidade acompanhou a
melhora das condi¢bes socioeconémicas, do acesso mais amplo aos cuidados de satde, da disponibilidade nacional
de antibioticos e das politicas de vacinagdo adotadas no pais. Conclusdo: Apesar das dificuldades socioeconémicas
vigentes, constatou-se uma redu¢ao progressiva da carga das I'TRi, principalmente na mortalidade e na incapacidade,
e entre os menores de cinco anos de idade.

Palavras-chave: Avaliagio em satde. Infecgbes respiratérias. Mortalidade. Pneumonia.

INTRODUCTION

Lower respiratory tract infections (LRTIs) include diseases of the lower airways, such as
acute bronchitis, bronchiolitis, and infections in patients with bronchiectasis and infections
that compromise air spaces such as pneumonia, among others. These conditions include
community-acquired pneumonia (CAP) and pneumonia acquired in the hospital or in health
facilities. CAPs are the main cause of death in the world, with pneumococcal etiology hav-
ing the highest incidence'”.

According to the Global Burden of Disease (GBD) study in 2015, LRT1Is, among all diseases,
had the fourth highest incidence in the world, with more than 290 million cases, accounting
for 4.9% of all deaths in the world. The analysis of age-standardized rates revealed that the
mortality rate for LRTIs in 2015 was 41.6 per 100,000 inhabitants, with a confidence inter-
val (95% CI) 38.0-43.5; 6.8% higher than the 2005 rate*.

The impact of LRTTs on morbidity and mortality has been verified and can be mea-
sured in several ways. Age-adjusted mortality rates have been used because they enable
geographic comparisons between countries and allow for temporal trend assessments,
which are useful for planning interventions in terms of public health policies. With respect
to morbidity, the impact of diseases on specific populations has been measured by met-
rics such as years of life lost by death or disability (disability-adjusted life-years — DALYs),
which is a combined measure of years of life lost due to premature death (YLLs — years
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of life lost) with the years lived with disability (YLDs). A DALY means a year of healthy
life lost, and the sum of the DALYs in a given population means the difference between
the current health status of that population and the ideal state in which everyone would
grow old in perfect health’.

The population structure in the world has undergone significant changes with an
increase in life expectancy, a reduction in mortality due to infectious diseases, and
an increase in deaths due to external causes — accidents and violence — and chronic
non-communicable diseases®. Similarly to the rest of the world, in Brazil, although
there has been a significant reduction in the proportion of deaths due to infectious
diseases, LRTIs still remain high in the last decades, with an expressive impact on
morbidity and mortality’.

The objective of this article was to present the impact of LRTTs on mortality and mor-
bidity rates in Brazil in 1990 and 2015.

METHODS

This study stems from the partnership between the Institute for Health Metrics and
Evaluation (IHME), the Ministry of Health and the technical group of the GBD Brazil 2015
Study, using estimates from the GBD 2015 study*.

The methodology of GBD is described in other publications, and updates on procedures
and conceptual principles have been carried out since the first publication®. Estimates of
the burden of disease used in this study were accessed on the IHME website’. The main
source of mortality data used in Brazil was the death registry database of the Mortality
Information System (acronym in Portuguese — SIM) of the Ministry of Health'. It was
necessary to correct underreporting of deaths by the estimation of envelope mortality,
and for deaths recorded in the SIM with basic cause classified as ill-defined causes (IDC)
and other garbage codes — such as unspecified pneumonia — that have been redistributed
to defined causes. For this analysis, the International Classification of Diseases codes, ver-
sion 10, used in GBD 2015 were A48.1, A70,]J09-]15.8,]J16-J16.9,J20-J21.9, and P23.0-P23.4.
Details of clustering of causes using CID9 and CID10 reviews have been previously
described". Next, statistical models and modeling were used to estimate data by age, sex,
country, year, and cause'>".

In this study, mortality rates and DALYs, composite indicators integrating YLLs and
damage caused by disease, sequelae or disability were considered as metrics, taking into
account different levels of severity of one or more diseases at the same time (YLDs).
This indicator considers a lost year of premature death equal to a year lost due to dis-
ability, which is weighted by the product of the disability weight due to the prevalence
of each disease.

Comparisons were made between the absolute number of deaths and the age-stan-
dardized mortality rates of LRTIs deaths in Brazil and states in the period from 1990
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to 2015, and a descriptive analysis of the distribution of mortality rates and DALYs
by age group.

In the GBD study, 95% (95% UI) uncertainty intervals are calculated, which provide infor-
mation on the variability of estimates resulting from errors due to the sample process and
also non-sample errors due to adjustments of the data sources and modeling®.

RESULTS

In the study period, it was observed that the LRTIs were the third cause of mortality in
both 1990 and 2015 in Brazil, corresponding to 63.5 and 47.0 deaths/ 100,000 inhabitants,
respectively (Figure 1). In 1990, these infections corresponded to 6.5% of total deaths in the
country, and 5.6% in 2015. The absolute number of deaths in this period increased by 26.8%,
from 59,599 in 1990 to 75,602 in 2015 (Figure 2A). However, a 25.5% reduction in age-stan-
dardized mortality rates was observed over this same time frame (Figure 2B). There has
been a progressive reduction in both sexes, although men have constantly presented higher
mortality rates (data not shown).

The distribution of death rates by age group, in the years 1990 and 2015, occurs in the
form of “U”, that is, there is an increase in the extremes of age, with higher rates among
children under 4 years — particularly among children under 1 year — and those over 60 —
particularly among individuals over the age of 70 years. Comparing 2015 with 1990, there
is a marked reduction in the number of deaths among children under four years of age.
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IHD: ischemic heart disease; Stroke; LRTIs: lower respiratory tract infections; COPD: chronic obstructive pulmonary
disease; CRD: chronic renal dysfunction.

Figure 1. Age-standardized mortality rates for the top ten causes of death in Brazil in 2015,
compared to 1990, both sexes.
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This reduction was lower among people aged 50-69 years, unlike those aged 70 years or
older, who experienced a notable increase in 2015 (Figure 3A).

In relation to mortality rates standardized by age of LRTTs, there was reduction among
those under 5 years of age, and increased risk of death among individuals older than 70 years
(Figure 3B). In the period, there was a progressive reduction of the disease burden by LRTTs
expressed in DALYs (Figure 4).

In relation to the Brazilian states, there was a reduction in age-standardized mor-
tality rates in all of them, comparing the years 2015 and 1990. The overall reduction in
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Figure 2. Absolute number of deaths (A) and mortality rate standardized by age per 100,000
inhabitants (B) for lower respiratory tract infections, both sexes. Brazil, 1990 to 2015.
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Figure 3. Absolute number of deaths (A) and specific mortality rate per 100,000 inhabitants (B) due
to lower respiratory tract infections, according to age group, between 1990 and 2015.
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Figure 4. Age-standardized rate, per 100,000 inhabitants, of years lost due to premature death and
resulting from incapacity for lower respiratory tract infections, both sexes. Brazil, 1990 to 2015.
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this rate for both sexes was 25.9, and the highest variation occurred in Alagoas (42.2%),
followed by Pernambuco (41.8%), Rio Grande do Norte (34.4%), Maranhao (33.0%),
and Rondénia (30,4%) (Table 1). This reduction occurred with both men and women

(data not shown).

Table 1. Mortality rates standardized by age, per 100,000 inhabitants, of lower respiratory tract
infections and percentage reduction. Brazil and the states, 1990 and 2015.

State

Acre
Alagoas
Amapa
Amazonas
Bahia
Ceara
Distrito Federal
Espirito Santo
Goias
Maranhao
Mato Grosso
Mato Grosso do Sul
Minas Gerais
Para
Paraiba
Parana
Pernambuco
Piaui
Rio de Janeiro
Rio Grande do Norte
Rio Grande do Sul
Rond6nia
Roraima
Santa Catarina
S3o Paulo
Sergipe
Tocantins
Brasil

Source: GHDx, 2015.

Rates by 100,000 habitants

66.2
74.9
56.2
55.9
52.4
67.7
49.0
46.0
53.7
66.5
56.1
60.9
60.3
57.9
61.7
50.9
68.9
55.5
68.9
68.7
5215
60.8
68.2
52.6
74.4
56.3
54.5
63.5

*Percentage change: (rate2015-rate1990)/rate1990 x 100.
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51.7
433
54.4
49.6
39.2
51.7
34.3
37.2
47.2
44.6
44.7
47.2
49.0
52.1
43.7
41.1
40.2
40.4
54.1
45.1
37.6
423
51.3
38.5
52.2
39.5
3985
47.0

171-181

Percentage change*

-22.0
-42.2
8%
=113
232
-23.6
-30.0
-19.2
-12.1
=330
-20.2
-22.6
-18.8
-10.0
-29.2
-19.2
-41.8
-27.2
-21.4
-34.4
-28.3
-30.4
-24.8
-26.8
-29.8
-29.8
-27.6
-25.9
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DISCUSSION

The main results of this article show that in Brazil, despite the significant reduc-
tion on mortality rates between 1990 and 2015, the LRTIs are still the third cause of
mortality among its population. As occurred in other countries, the number of deaths
in Brazil increased due to the increase and aging of the population, despite the drop
in mortality rates standardized by age of 25.5% in relation to 1990. The highest reduc-
tion in these rates occurred in the under-5 age group, probably due to improved socio-
economic conditions, broader access to health care, national availability of antibiotics
and vaccination policies' .

As pneumonia, particularly pneumococcal disease , is the major cause of death, the uni-
versal availability of influenza vaccines since 1999, the introduction of pneumococcal conju-
gate vaccine for children in the Unified Health System (SUS) in 2010, the well-known herd
protection effect of a broad childhood vaccination, and the improvement of living condi-
tions and access to health services in the period could be listed among the possible causes
of reduction of cases and deaths by vaccine strains'”'®. It is worth mentioning that some
of the pneumonia deaths included among the LRTTs may have been due to other diseases
of the lower respiratory tract, such as exacerbations of chronic obstructive pulmonary dis-
ease (COPD).

In Brazil, 10-valent pneumococcal conjugate vaccine (PCV 10) was incorporated in
the National Immunization Program in 2010 for use in all children up to two years of
age". The impact of this vaccine was evaluated in Brazil according to the number
of hospitalizations of children aged 2-35 months, with a diagnosis of CAP with clinical
or radiological confirmation, in the 3 years following the start of vaccine application
in 17 hospitals in the city of Goiania. The authors found a relative rate of reduction of
pneumonia with clinical confirmation and by chest X-ray of 13.1 and 25.4%, respectively,
in children between 2 and 23 months of age. The most pronounced effect occurred in
the group of 2-11 months of age, with a reduction of 853/100,000 inhabitants — from
6,788 to 5,935/100,000 inhabitants — and of 729/100,000 inhabitants — from 2,871 to
2,142/100,000 inhabitants — for pneumonia with clinical diagnosis and radiologically
confirmed diagnosis®. These data confirm the outcomes observed in other countries
with the 7-valent conjugate vaccine®"*.

The increase in the number of deaths and mortality rates due to LRTI in the popula-
tion aged 70 years or more contrasts with what has been observed in countries that have
implanted pneumococcal conjugate vaccination in children prior to Brazil and that, more
recently, have invested in the implantation also for the adults**. In these countries, although
the number of deaths due to LRTIs among the elderly is higher than in other age groups,
mortality rates have been decreasing, speculating that this is primarily due to the “herd”
effect of childhood immunization, and also to the vaccination of the elderly themselves,

which occurred in subsequent years™*.
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As of the date of this article, conjugate anti-pneumococcal vaccination for the elderly
in Brazil had not yet been included in the National Immunization Program, being avail-
able in private vaccination programs, and not accessible to the majority of the population.

LRTIs are among the main causes of disability in Brazil and worldwide. As it is possible
to be observed, the world experiences a drop in the estimates that quantify the impact of the
LRTIs on health — in terms of disability — as it happened with the DALYs in the last decades
in Brazil. Despite the accelerated and somewhat disorganized context of urbanization that
has shaped the Brazilian scenario in recent decades, the implementation of public health
programs has been successful in some areas. Those aimed at controlling vaccine-prevent-
able diseases such as diarrhea, respiratory infections and tuberculosis have provided univer-
sal and free access to vaccination, as well as to primary health care®.

Smoking is an important cause of morbidity and mortality in Brazil and in the world.
Data from the World Health Organization (WHO) show that, overall, smoking is directly
related to 80% of the deaths caused by the 10 main diseases worldwide, with the first 5 being:
ischemic heart disease, stroke, COPD, LRTTs, and lung cancer?.

Regarding the CAP, the attributable risk of acquiring the disease due to smoking was eval-
uated in a case—control study involving 205 patients with the disease, aged between 15 and
74 years, and 475 paired community controls. The authors found that smoking of any type
of tobacco resulted in an odds ratio of 2.0 for smokers in general (95% CI 1.2-3.2), 1.88 for
current smokers (95% CI 1.1-3.2), and 2.1 for ex-smokers (95% CI 1.3-3.6). In this sample
of patients, there was a 50% reduction of this risk in ex-smokers for more than 5 years.
The attributable risk of CAP for smoking in this population was 32.4% (95% CI 14.8-50.1),
and in the controls it was 23% (95% CI 3.3-42.7%)*.

Thus, the impact of the implementation of public policies aiming reduction of the prev-
alence of smokers in Brazil, prevention and reduction of mortality due to LRTTs and other
diseases should be considered. Some of these policies have included campaigns and approval
of stricter anti-smoking laws that have shown significant results, such as the reduction in
the number of smokers in the country: in 1989, 34.8% of the population over 18 years were
smokers. In the last decade, according to data from the Protection and Risk Factors for
Chronic Diseases by Telephone Inquiry (Vigitel)/2015, the prevalence found in Brazilian
capitals was 10.5%. These expressive results highlight the importance of the continuity
and improvement of these policies in parallel with the adoption of other measures also
necessary for the economic and social development of the country, such as urbanization
planning involving the improvement of sanitary conditions in the surroundings of the big
cities. In contrast, the heterogeneity of the demographic, economic, sanitary, and develop-
mental conditions among the federated units must underlie the different rates of reduction
of mortality observed among the Brazilian states.

This study presents some limitations that should be emphasized. Although there has
been a significant improvement in the information on causes of death available in the SIM
database in recent years, its coverage and quality of information on causes of death are
still unequal in Brazilian states, and in temporal analyzes. These data therefore required
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adjustments to allow adequate comparisons in the GBD study estimates, which required
modeling with widely reported limitations®'*"**°. In contrast, the GBD approach produces
estimates and temporal comparisons between states and countries with standardized meth-
odology and annual updates, allowing more adequate interventions for populations that are
more vulnerable to priority health problems®, as the results of this study indicate.

CONCLUSION

In the period analyzed, from 1990 to 2015, there is a significant impact of LRTIs in
Brazil, which, despite the current socio-economic difficulties, has been reducing, especially
in terms of mortality and disability among children under 5 years of age. The impact on
the mortality rates of the elderly, not yet analyzed, should be verified in subsequent stud-
ies, with a longer period after the initiation of anti-pneumococcal vaccination among chil-
dren and possibly adults.
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